Background-Little research has been conducted on the predictors of self-report or patient awareness of heart failure (HF) in a population-based survey. The objective of this study was to (1) test the agreement between Medicare administrative and Health and Retirement Study (HRS) survey data and (2) determine predictors associated with self-report of HF, using a validated Medicare claims algorithm as the reference standard. We hypothesized that those who self-reported HF were more likely to have a higher number of HF-related claims.
C hronic heart failure (HF) is a common and complex condition in older adults. [1] [2] [3] [4] [5] HF is associated with increased disability and is frequently accompanied by other debilitating chronic conditions. 6 -8 Despite a number of initiatives designed to reduce the mortality and morbidity of older adults with HF, such as disease management programs and discharge planning services, outcomes have only slightly improved in older adults in the past decade. 4,9 -13 The lack of substantial improvement in mortality and morbidity has prompted further consideration of the impact of comorbid conditions and psychosocial contextual factors (eg, caregiver support, patient functional status) on the health status of older adults with HF.
Population-based HF research can provide important information about the interrelationship of HF with psychosocial factors and other comorbid conditions, including geriatric syndromes. The Health and Retirement Study (HRS), a nationally representative survey of adults aged Ͼ50 years, is an ideal data source for investigating geriatric-relevant chronic conditions and psychosocial contextual factors of older adults with HF. However, respondents often underreport the prevalence of their chronic diseases. 14 In prior studies with the HRS, we found a 4% prevalence of self-reported HF in older adults aged Ն65 years, which is less than the estimates of 8% to 10% found with other population-based surveys that used expert clinical adjudication. 3, 5, 6 An HF case definition developed from prior work used self-report of HF by telephone interview as the gold standard to maximize the performance of claims-based algorithms. 15 In it, 6% of 4600 members of a Medicare Choice plan reported having HF in the year 2000. The patient population identified solely by self-report data in the HRS (and perhaps in the Medicare Choice telephone survey) may have more-severe HF 16 ; thus, individuals who are less likely to self-report because of milder disease may have been missed. Ascertainment of HF through self-report alone may lead to an overestimation or underestimation of outcomes of interest.
Patient awareness of HF as a condition is likely influenced by multiple factors besides illness severity, including socioeconomic background, race, patient health awareness gained through encounters with healthcare providers, and effective self-management skills. [17] [18] [19] [20] [21] [22] However, little research has been conducted on the predictors of the self-report or patient awareness of HF in a population-based survey. Furthermore, those who underreport having HF, despite having administrative claims that indicate receiving healthcare for HF, likely represent important segments of the population that may have lower health literacy and higher vulnerability. Understanding the sociodemographic and health status variables associated with self-report of HF may also have important implications for targeting self-management education programs toward certain subpopulations of older adults with HF.
The objective of our study was to (1) test the agreement between Medicare claims and HRS survey data and (2) determine the patient and health status characteristics associated with self-report of HF by using a comparison with the presence of an HF diagnosis code in linked Medicare claims as a reference standard. We hypothesized that those who self-reported HF were more likely to have a higher number of inpatient clinical encounters related to care for HF.
Methods

Data
We used data from the 2004 wave of the HRS, a biennial, longitudinal survey of a nationally representative cohort of US older adults. 23 The HRS provides detailed self-report information on chronic diseases and task-specific disabilities.
Sample Definition
Ninety percent of HRS respondents provided consent to link their Medicare claims to their HRS survey data. We were interested in viewing claims data 2 years before the 2004 interview to capture the greatest number of HRS respondents with HF in the Medicare claims data. 15, 24 Of the 20 129 respondents in the 2004 survey wave, we restricted our analysis to the 9663 respondents aged Ն67 years, ensuring that each individual had 2 full years as a Medicare beneficiary during the surveillance period. The sample was reduced to 8207 after exclusion of those HRS respondents who were not continuously enrolled in Medicare Parts A and B. We excluded 1650 respondents who were enrolled in Medicare managed care because by law, managed care plans are not required to report complete data. We excluded respondents who were represented in the survey by proxy informants or who were residing in a nursing home at the time of the analysis (nϭ804). The analytic sample included 5753 respondents with nonmissing self-reported HF data, which was representative of a population of Ϸ21.4 million adults aged Ն67 years with fee-for-service Medicare.
Definition of HF by Self-Report in the HRS
Self-report of HF was determined based on survey responses to questions in the HRS 2004 interview. Respondents were asked, "Has a doctor ever told you that you had a heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems?" Those who responded yes were further asked, "Has a doctor told you that you have congestive heart failure?" We categorized respondents as having HF if they answered yes to the latter question; those who responded no were categorized as not having HF.
Definition of HF by Claims-Based Diagnosis
HF was defined with Medicare claims by making use of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), diagnosis codes for primary and secondary diagnoses. Using Medicare Part A and Part B claims files, we determined the claims-based diagnosis of HF for a 2-year period before each respondent's HRS interview date. 15 We used ICD-9-CM coding algorithms to identify HF as a diagnosis in Ն1 claim from inpatient, outpatient, and carrier files using codes 398.91, 402.01 to 402.91, 404.01 to 404.93, and 428.0 to 428.90 within a 2-year period based on a previously published validated algorithm by Rector et al, 15 who reported a positive predictive value of 38% for finding HF cases among Medicare Choice plan members, in whom the prevalence was 6%.
Independent Variables
The sociodemographic variables included in the analysis as independent variables were age, race, sex, net worth, and education. Self-reported chronic conditions were hypertension, lung disease, stroke, cancer, diabetes, and psychiatric (emotional and mental health) problems. We created a count variable of these conditions that ranged from 0 to 6. The self-reported number of physician encounters was also used as a covariate. For self-respondents, the HRS assesses cognitive function using a modified version of the Telephone Interview for Cognitive Status, a validated cognitive screening instrument patterned on the MiniMental State Examination. 25 The modified Telephone Interview for Cognitive Status uses a 27-point scale that has high sensitivity and specificity for cognitive impairment and dementia in community samples of older adults. [25] [26] [27] The test items include (1) an immediate and delayed 10-word recall test to measure memory, (2) a serial 7 subtraction test to measure working memory, and (3) a counting backward test to measure speed of mental processing. Cut points to identify respondents with cognitive impairment were based on the findings from the Aging, Demographics, and Memory Study. 28, 29 Cognitive function scores were created and categorized as normal (Ն12 points) or cognitively impaired (Ͻ12 points), with the cognitively impaired category divided into mild (7-11) and moderate to severe impairment (0 -6) based on prior work validating these cut points.
Physical function variables included in the analysis were activities of daily living (ADL). A respondent was considered to have an ADL (bathing, dressing, eating, transferring, toileting, and walking) disability if they reported having difficulty performing the ADL or required assistance. ADL limitations were dichotomized as 0, 1 to 2, and 3 to 6 to identify those with a low, medium, and high burden of ADL impairments, respectively.
Claims-Based Covariates
HF claims-based covariates were chosen as indicator variables to measure poor health status. We counted the number of HF-related claims present in all claims files of interest as a measure of healthcare utilization without defining discrete hospital or outpatient visits. This was operationalized 1, 2 to 3, 4 to 9, or Ն10. Additionally, we created a dichotomous variable indicating the presence of an inpatient claim for HF if there were Ͼ1 inpatient claims with HF as the primary or secondary diagnosis.
Statistical Analysis
All analyses were conducted using SAS (SAS Institute Inc) statistical software. Weighted analyses were conducted to calculate sample characteristics and multivariate logistic regression. Sample characteristics for the different groups were compared using 2 and t tests, as appropriate, and were adjusted for the HRS complex sampling design.
The statistic was used to measure the agreement between the HRS survey data and Medicare claims. We investigated the sensitivity and specificity of the self-report of HF in the HRS using the Medicare claims data as the reference standard rather than self-report because prior work indicated that older adults who have a particular condition tend to underreport its presence. 30 We defined sensitivity as the proportion of HRS respondents with Medicare claims-linked data identified by a claims-based algorithm as having HF (denominator) who self-reported that a physician told them they had HF (numerator). We defined specificity as the proportion of HRS respondents without a claims-based diagnosis of HF who did not self-report having the condition.
We used logistic regression to identify covariates associated with the likelihood of self-report of HF in the HRS. The final logistic models included the sociodemographic, health, and claims-based factors that influenced self-report of HF as a condition. Model 1 included age, sex, race and ethnicity, level of education, and net worth. Model 2 included model 1 covariates in addition to respondents' cognitive status, number of chronic medical conditions, and number of healthcare provider encounters. Model 3 included model 2 covariates in addition to the number of HF claims and the presence of HF inpatient claims.
Results
Sample Characteristics
Among the 5753 respondents in the analytic sample, the mean age was 76.4 years, 39.9% were men, 7.0% were black, and 3.2% were Hispanic ( Table 1 ). The mean number of years of education was 12.2. Ten percent of the entire sample had Ն4 chronic conditions; 35.6% had Յ1 chronic condition.
Characteristics of True-Positive and False-Negative Populations
Respondents with true-positive findings (self-report of HF and Ն1 HF claim present) comprised 3.9% (nϭ216) of the total sample; respondents with false-negative findings (no self-report of HF and Ն1 HF claim) comprised 11.6% (Table  1 ). The proportion of whites was higher in the true-positive group than the false-negative group (92.5% versus 84.8%, PϽ0.001). Conversely, higher proportions of blacks and Hispanics were found in the false-negative group, although the number of Hispanics was small (true-positive blacks, row %, 2.9%; true-positive Hispanics, row %, 2.8%; false negative blacks, row %, 17.4%; false negative Hispanics, row %, 17.0%; not shown in Table 1 ). Although there were significant differences when comparing all 4 subgroups, there were no differences in the mean number of years of education, number of ADL limitations, or mean net worth between the true-positive and false-negative groups. There was no difference in the cognitive scores between the true-positive (nor- Table 2) . Similarly, the true-positive group had more HF claims than the false-negative group (mean, 12.9 versus 5.4; PϽ0.001).
Sensitivity and Specificity of Self-Report of HF
Of the 5753 respondents, 15.5% had a Medicare claim with an HF diagnosis during the 2-year period preceding the 2004 HRS interview (Table 3) . Self-reported prevalence of HF in the 2004 interview was 4.6%. Interestingly, few respondents (15% of those self-reporting HF) overreported HF (false positive). Underreporting was much more common: Although 896 respondents had Ն1 HF diagnostic claim, 75% did not self-report the condition. Sensitivity of self-report of HF was 25.2%, with a specificity of 99.2%. The agreement between self-report of HF and claims for HF diagnosis was 87.7% (ϭ0.34). We found no notable differences in test operating characteristics with use of other ICD-9-CM coding algorithms as the reference standard, such as use of 428 diagnosis codes as primary diagnosis, 428 codes as 1°and 2°diagnosis, or Ն2 Medicare claims.
Sociodemographic, Health Status, and Claims-Based Predictors Associated With Self-Report of HF
The adjusted odds ratios (ORs) from the logistic regression models for the 896 respondents classified as either true positive or false negative are shown in Table 4 . These models predict the likelihood of self-report of HF or, in other words, the predictors of being classified as a true positive (self-report of HF and Ն1 Medicare claim with HF within a 2-year period as the diagnosis). Respondents with more comorbidity were more likely to self-report HF as a chronic condition. In all models, blacks were least likely to self-report HF compared with whites (final model 3 OR, 0.28; 95% CI, 0.14 -0.55), even after controlling for number of healthprovider encounters and poorer health status as measured by the presence of an inpatient HF claim and a greater number of HF claims. Similarly, a lower likelihood of self-reporting HF was noted for Hispanics compared with whites (final model 3 OR, 0.30; 95% CI, 0.11-0.83). The effect of the number of physician visits was decreased by including administrative claims and comorbidity burden as covariates in the final model. Net worth was a modest predictor of true-positive status in model 1 but had no significant effect in the final model. Sex, years of education, and cognitive function were not significant predictors of a true-positive HF diagnosis.
Discussion
Using nationally representative data from the HRS linked to Medicare claims, this study characterizes the predictors of Data are presented as n (%), unless otherwise indicated. HF indicates heart failure; n/a, not applicable. self-report of HF, using a validated algorithm for HF diagnosis based on Medicare claims as a reference standard. In addition, we report the test operating characteristics of selfreport of HF using the claims-based algorithm as the reference standard. The specificity of self-report of HF was 99%, with a false-positive rate of 1%. If a respondent reported having HF, then it was highly probable that the condition existed. However, the high false-negative rate (sensitivity, 25%) made it difficult to exclusively rely on self-report of the condition as an appropriate method for HF case finding. This study enhances the understanding of the strengths and limitations in use of self-report of HF alone. Additionally, this work further emphasizes the importance of future work to improve accuracy in identifying HF cases within populationbased surveys.
The agreement between self-report and claims for HF diagnosis found in this study (total agreement, 87.7%; ϭ0.34) is consistent with prior work examining the concordance between self-report and the medical record. There is excellent concordance between claims and self-report data for other chronic conditions, such as diabetes and acute myocardial infarction. However, only fair concordance has been reported in ambulatory managed care medical records and patient self-report of HF (total agreement, 86%; ϭ0.3). 31 The primary strength of this study is its use of linked HRS-Medicare claims data to investigate the predictors associated with underreporting of HF. The aim of this analysis was to identify factors associated with true-positive and false-negative reports by performing multivariate logistic regression to predict the likelihood of self-report of HF. Older adults were more likely to report HF if they had poorer health status suggested by the presence of inpatient claims, suggesting acute care delivery for HF and a greater number of total claims for which HF was a primary or secondary diagnosis. We also found that blacks and Hispanics were least likely to report having HF compared with whites. Even after controlling for the number of healthcare encounters with a provider, respondents from minority groups still had lower odds of self-reporting HF. Underreporting of HF in blacks is especially troubling given the disproportionate burden of HF in older blacks compared with whites. [32] [33] [34] [35] [36] [37] HF is a condition that may be underrecognized in minority populations, despite having clinical encounters with healthcare providers during which HF is coded as a diagnosis.
Several limitations of the present study warrant mention. Medicare claims data are a less-than-ideal reference standard measurement of HF. The validity of Medicare administrative data depends on many factors, including ICD-9-CM coding practices, organizational culture, coder experience, and the type of administrative file used. 16 A particularly important bias is the financial incentive health systems have to code HF as a diagnosis. These claims could be upcoded for patients without HF or used for those with HF whose primary reason for the hospitalization or outpatient visit is another condition. The most likely effect was causing an overestimation of the HF case counts and compromising our accuracy in estimating concordance. Despite these limitations, the data describing the concordance between self-report of HF in older adults and Medicare claims-based diagnosis of HF are useful and provide us with an opportunity to further our HF case-finding methodological work. Ultimately, this will allow us to explore geriatric-specific and psychosocial outcomes in older adults with HF in ways that were previously limited with HRS survey data alone.
We analyzed HRS-Medicare claims data for respondents aged Ն67 years, using 2 years of Medicare claims as described in a prior validated algorithm 15 ; however, there may be bias associated with omitting those who were Medicare eligible at age 65 years. Medical records were not available for survey respondents with claims data to further adjudicate HF cases. Approximately 11% of the HRS respondents did not consent to the linkage of their survey data to Medicare claims. The sample did not include persons with Medicare health maintenance organization plans because their claims data were not accessible. These factors may introduce selection bias because the population enrolled in managed care programs greatly differs from that with traditional Medicare fee-for-service plans with respect to health and socioeconomic status. 38 Our estimates are conservative because survey respondents represented by a proxy were excluded; that is, those respondents with the most-severe cognitive impairment were excluded from the analysis.
The prevalence of HF based on self-report alone is Ϸ5%, an undercount of the true prevalence based on prior published work. 3, 5 Self-report of HF is predicted by white race and severity of HF as measured by number of HF claims, the use of inpatient care, and the degree of comorbidity burden. Respondent report of HF is an insensitive method for accurately identifying HF cases, especially in patients with lesssevere disease and who are nonwhite. The results suggest that Ϸ2.5 million individuals aged Ն67 years with HF are missed if only true-positive self-reported cases are counted, including 266 000 blacks and 120 000 Hispanics. The present study suggests that caution should be exercised when self-report of HF is exclusively relied on for health services research. Furthermore, current claims-based algorithms to ascertain HF cases based on a previously validated method by Rector et al 15 may not reliably capture a broad disease mix of HF cases or an ethnically diverse population. More research is needed to develop effective claims-based algorithms that allow for the study of heterogeneous (clinically and ethnically) HF populations within unique data sources, such as the HRS linked to Medicare claims data. Finally, this study suggests that there may be limited awareness of HF within older black and Hispanic populations despite having clinical encounters with healthcare providers during which HF is coded as a diagnosis.
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